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RANK  IN  HIGH  SCHOOL  SCHOLARSHIP  AS  A 
REQUIREMENT  FOR  ENTRANCE  INTO 
THE  COLLEGE  OF  ENGINEERING 

AND  ARCHITECTURE* 

The  College  of  Engineering  and  Arcliitecture,  Universitx  of  Min- 
nesota, has  long  required,  as  a  part  of  the  student's  matriculation,  infor- 
mation concerning  his  scliolarship  rank  in  the  high  school  graduating 
class.^  Previous  to  the  fall  of  1932  the  rank  liad  never  been  used  as  an 
entrance  criterion,  but  beginnii^  with  that  year  only  those  studwits  in 
the  upper  60  per  cent  of  their  high  school  graduating  class,  as  ranked 
on  the  basis  of  average  scholarship,  were  admitted  to  the  college.  It 
is  the  purpose  of  this  study  to  examine  this  ruling.  Does  this  require- 
ment assist  in  the  selection  of  good  college  risks  and  the  elimination  of 
poor  ones?  Is  there  any  other  percentile  rank  in  high  school  scholar- 
ship which  would  be  more  effective  in  the  discrimination  of  the  pcrten- 
tially  successful  from  the  potentially  unsuccessful  college  ^tu(lent? 

The  first  step  in  making  this  study  w  as  to  classify  into  deciles  on  the 
basis  of  percentile  rank  in  high  school  scholarship  those  students  who 
entered  the  college  during  the  four  years  immediately  preceding  the 
inauguration  of  the  new  ruling.^  The  second  step  was  to  compare  these 
ten  groups  on  the  basis  of  their  success  in  college  as  measured  by  first 
quarter  and  first  year  honor  point  ratios  and  by  per  cent  graduating 
from  coll^e.^ 

The  subjects  included  all  students  entering  the  College  of  Engineer- 
ing and  Architecture  from  Minnesota  high  schools  din-ing  the  four-year 
period  from  1928-29  to  1931-32,  who  were  entering  college  for  the  first 
time,  and  for  whom  complete  data  were  to  be  had — a  total  of  951  stu- 
dents. These  students  were  not  subject  to  the  regulation  under  which 
scholastic  rank  in  the  high  school  graduating  class  became  a  criterion  for 
entrance  into  the  College  of  Engineering  and  Architecture. 

When  the  students  were  classified  according  to  year  of  entrance  and 
high  school  scholarship  decile,  it  was  found  that  the  larger  percentages 
came  from  the  upper  deciles  of  the  high  school  graduating  classes.  The 

'  In  connection  with  the  administration  of  the  ATinnesota  College  Aptitude  Test,  the 
various  high  schools  of  the  state  annually  send  to  the  University  Testing  Bureau  lists  of  the 
graduating  seniors  ranked  according  to  the  average  mark  earned  in  high  school  up  to 
the  beginning  of  the  second  semester  of  the  seniiM'  year.     By  means  of  the  fomida, 

1  Rank  in  class —  ^  ^^se  ranks  are  transmuted  into  percentile  scores. 

Number  in  class 

*  The  term  decile  will  refer  throughont  this  report  to  the  high  school  scholarship  decile. 

*  These  ratios  were  calculated  by  assigning  an  arbitrary  numerical  value  to  each  mark 
and  dividing  the  total  of  these  values  by  the  total  number  of  hours  of  credit  for  which  the 
student  was  registered.  The  scale  of  numerical  values  assigned  to  the  marks  was  as  follows: 
A  =  4,  B  =  3,  C  =  2,  D  =  1,  and  F  =  0.  For  convenience  the  results  were  then  multiplied 
by  100. 

*  These  three  studies  are  excerpts  form  Minnesota  Studies  in  Articulation,  University 
Committee  on  Educational  Research,  M.  E.  Haggerty,  chairman.  Minneapolis:  University  of 
Minnesota,  1937.    The  complete  thesis  is  on  file  in  the  library  of  the  University  of  Minnesota* 
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first  four  deciles,  which  compose  the  group  now  excluded  by  the  new 
ruling,  contained  234,  or  24.6  per  cent,  of  the  entrants  during  the  period 
under  consideration.  Other  than  a  slight  decrease  in  the  percentages 
coming  from  the  lower  deciles  in  1931-32  and  a  slight  increase  in  tlie 
percentages  coming  from  the  upper  deciles  the  same  year,  there  were 
no  outstanding  changes  during  the  four  years. 

If  the  new  admission  requirement  liad  been  enforced  during  the 
four-}ear  period  under  consideration,  the  students  in  the  four  lowest 
deciles  would  not  have  been  admitted.  As  already  indicated,  there  w  ere 
234  students,  or  24.6  per  cent  of  the  entire  number,  who  were  included 
in  these  four  deciles.  What  has  been  the  success  of  these  students  in 
college?  Was  the  nature  of  their  work  such  as  to  justify  the  use  of  the 
fortieth  percentile  in  high  school  scholarship  as  a  crucial  point  for  admit- 
tance to  college  ?  Some  light  on  these  questions  is  presented  in  the  fol- 
lowing paragraphs. 

The  first  measure  of  the  college  success  of  the  students  is  the  first 
([uarter  honor  point  ratio.  The  ratios  were  tabulated  according  to 
scholarship  deciles,  the  results  being  shown  in  Table  I.  With  one  excep- 
tion (the  sixth  decile)  there  was  a  continuous  increase  in  the  size  of 
the  mean  ratios  from  the  first  to  the  tenth  decile.  None  of  the  differ- 
ences between  the  mean  ratios  of  the  deciles  were  statistically  significant 
below  the  seventh  decile  (Table  II).* 

TABLE  II 

Ratios  of  the  Difference  between  Mean  First  Quarter  Honor 
Point  Ratios  to  the  STAxnARn  Error  of  the  Differences, 
Students  Grouped  According  to  Decile  Rank  in 
High  School  Scholarship 


Decile 
Rank  in 
High  School 
scholakship 

81-90  71-80 

61-70 

51-60 

41-50 

31-40 

21-30 

11-20 

1-10 

91-100   

„„..  3.37  7.89 

8.69 

12.70 

11.51 

12.95 

14.68 

13.83 

9.43 

81-  90  ..  

4.30 

5.27 

9.13 

8.16 

9.63 

11.13 

10.61 

7.58 

71-  80   

1.21 

5.13 

4.32 

5.92 

7.24 

7.03 

5.38 

61-  70   

3.70 

3.01 

4.57 

5.73 

5.68 

4.67 

51-  60   

0.51 

1.13 

2.11 

2.37 

2.68 

41-  SO  ™ 

1.56 

2.51 

2.74 

2.92 

31-  40   

0.85 

1.20  . 

1.99 

21-  30   

0.44 

1.54 

11-  20   

124 

A  comparison  of  the  scholarship  deciles  on  the  basis  of  their  mean 
honor  point  ratios  alone  gives  an  incomplete  picture,  for  many  students 

*  Differences  between  means  are  not  considered  statistically  significant,  i.e..  not  due 
6)  chance  errors  of  measurement,  unless  the  observed  difference  is  equal  to  at  least  three  times 
the  standard  error  of  liie  diAnraioe  between  the  means. 
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in  the  first  four  deciles  received  honor  point  ratios  which  were  higher 

than  those  received  by  many  in  the  upper  six  deciles.  To  put  it  in 
other  words,  the  amount  of  overlapping  of  the  several  distributions  was 
considerable.  As  a  measure  of'  the  amount  of  overlapping,  the  per- 
centages exceeding  and  falling  below  the  median  of  the  fifth  or  critical 
dedle  were  aUculated,  the  data  being  presented  in  Table  III.  The  im- 
provement of  one  group  over  another  is  regular  and  continuous  from 
the  first  to  the  tenth  decile.  The  difference  between  the  first  and  tenth 
deciles  is  considerable;  17  per  cent  of  the  students  in  the  former  as  con- 
trasted with  93.2  per  cent  in  the  latter  had  honor  point  ratios  above 
the  median  ratio  of  the  fifth  decile.  It  was  found  that  26.53  per  cent 
of  the  students  in  the  first  four  deciles  liad  first  quarter  honor  point 
ratios  above,  and  73.47  per  cent  had  ratios  below,  the  median  of  the 
fifth  decile.  When  the  students  in  the  five  deciles  above  the  fifth  were 
grouped  together,  it  was  found  tliat  76.2  per  cent  exceeded,  and  23.8 
per  cent  fell  below,  the  median  hcmor  point  ratio  of  the  fifth  decile. 

TABLE  III 

Per  Cent  of  the  Students  in  the  Various  High  School  Scholarship 
Deciles  Above  and  Below  the  Median  First  Quarter  Honor 
Point  Ratio  of  Decile  Five,  and  Related  Data 


^                                                        First  Quarter  Honor  Point  Ratios 
Rankin   

High  School  Per  Cent  Per  Cent 

ScROLARSHtp  N  Bdow*  Alwre* 


91-100    136  6.8  93.2 

81-  90    133  12.6  87.4 

7U  80   .   146  29.1  70.9 

61-  70    112  33.7  66.3 

51-  60    86  462  S3.8 

41-  50  104  50.0  50.0 

31-  40    83  59.0  41.0 

21-  30    63  60.3  39.7 

11-20    60  70.0  30.0 

1-  10    28  83.0  17.0 


*  Median  of  dedk  five  (41-50)  is  107.25. 


In  the  preceding  discussion  the  analysis  has  been  confined  to  a  com- 
parison of  grou]^.  A  study  of  tlie  individual  records  reveals  a  fair 
number  of  instances  of  successful  work  accomplished  by  students  in  the 
lower  deciles  (Table  I).  For  example,  one  student  in  the  first  decile 
earned  an  honor  point  ratio  equivalent  to  a  mark  of  B ;  only  seventeen 
students,  distributed  throughout  the  remaining  nine  deciles,  did  as  well 
as  or  better  than  this  student. 

The  second  measure  erf  coU^  success  is  the  first  year  honor  point 
ratio.    Many  students  who  were  included  in  the  analysis  of  the  first 
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quarter  honor  point  ratios  left  college  before  the  end  of  their  first  year. 
The  percentages  of  the  remaining  772  students  who  completed  three 
quarters  or  more  of  college  work  and  who  were,  therefore,  included  in 
the  study  of  the  first  year  honor  point  ratios,  were  as  follows : 

Decile  C«t 

91-100     95.58 

81-  90     87.96 

71-80      86.30 

61*  70              m™«™«*««*»«»«««"--"*~*»"''*'**'''*--*'»*^'*** ••••**•*"'••"**"""• ''"•™*™*''***''**  84.82 

51*  60  70.93 

41-  SO   =  .  76.92 

21  **  30   .,....,,..„„.......,.,.,,...............«•.••«•••••••.•••■»—••"»••••«••••■*»••««••••••»«•♦««"••••••"••  68»25 

11-  20     61.76 

1-  10     60.71 

The  honor  point  ratios  for  the  first  three  quarters  for  the  772  stu- 
dents are  shown  in  Table  IV.  Proceeding  from  the  first  to  the  tenth 
decile  the  ratios,  except  for  the  fourth  and  sixth,  show  continuous  im- 
provement. The  mean  ratios  of  the  second,  third,  and  fourth  deciles  are 
much  the  same.  The  mean  ratios  of  the  first  four  deciles,  which  include 
those  students  who  would  not  be  admitted  under  the  new  requirement, 
are  noticeably  lower  than  the  ratios  of  the  upper  six  groups.  Further-' 
more,  the  ratios  of  the  differences  between  the  means  to  the  standard 
error  of  the  differences,  as  presented  in  Table  V,  show  that  all  differ- 
ences between  the  mean  ratios  above  the  fourth  decile  are  significant. 

TABLE  V 

Ratios  of  the  Difference  between  Me.'vn  First  Year  Honor  Point  Ratios 
TO  THE  Standard  Error  of  the  Difference,  Students  Grouped 
According  to  Decile  Rank  in  High  School  Scholarship 


Decile 


Rank  in 
High  School 
Scholarship 

81-90 

71-80 

61-70 

51-60 

41-50 

31-40 

21-30 

U-20 

1-10 

91-100 

6.57 

17.79 

21.89 

29.73 

25.25 

33.93 

34.36 

30.91 

16.97 

81-  90 

10.87 

15.26 

22.74 

18.74 

27.39 

27.69 

24.89 

13.88 

71-  80 

5.14 

12.57 

9.01 

18.18 

18.32 

16.26 

9.23 

61-  70 

6.70 

3.80 

12.51 

12.49 

11.24 

6.97 

51-  60 

2.52 

6.73 

6.57 

5.91 

4.27 

41-  50 

8.53 

8.41 

7.64 

5.25 

31-  40 

.33 

.11 

1.46 

21-  30 

• 

.18 

1.60 

11-  20 

1.48 

When  the  distributions  of  the  ten  deciles  are  compared  on  the  basis 
of  the  extent  of  overlapping,  the  superiority  of  the  upper  six  deciles  is 
again  evident  (Table  VI).   Of  the  lower  four  deciles  the  tliird  appears 
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better  than  the  fourth,  and  between  the  second  and  fourth  tiiere  is  tittle 
difference.  One  third  to  two  fifths  of  the  students  in  the  second,  third, 
and  fourth  scholarship  deciles  earned  honor  point  ratios  wliich  exceeded 
the  median  honor  point  ratio  of  the  crucial  decile  group,  the  fifth. 

TABLE  VI 

Per  Cent  of  the  Students  in  the  Various  High  School  Scholarship 
Deciles  Above  and  Below  the  Median  First  Year  Honor 
Point  Ratio  of  Decile  Five,  and  Related  Data 


F»ST  Ybak  Hokok  P(HirT  Ratios 

Per  Cent  Per  Cent 

N  Bdow*  Above* 


91-100    130  7.7  92.3 

81-  90    117  12.0  88.0 

71-  80     126  25.4  74.6 

61-  70    95  33.7  66.3 

51-  60    61  41.0  59.0 

41-  50    80  50.0  50.0 

31-  40     66  66.7  33.3 

21-  30    43  58.1  41.9 

11-20    37  67.6  32.4 

1-  10    17  82.4  17.6 


*  The  median  of  decile  five  (41-50)  is  126.0. 

TABLE  VII 

Number  and  Per  Cent  of  the  1928  Entrants  Who  Had  Received  Degrees 
BY  December,  1933,  Classified  According  to  Percentile  Rank  in 
High  School  Scholarship,  College  of  Engineering 

AND  Architecture 


Decile                                            Number  of  Quarters  Attended  by  Those 
Rankin            Number  in                  Who  Were  Graduated  from  College 

High  School         Original  — —  — 

ScROLARSHtP           Gkoop  H  12        13        14         15        16  Total  Per  Cent 

91-100                  29  0  U        1         3         0        0  15  51.6 

81-  90                30  1         6       2        3         1        1  14  46.6 

71-  80                 32  0        9       1        0        3       1  14  43.7 

61-  70                18  0        4       1        0        1       0  6  33.3 

51-  60                 27  0        0       1        3        1       0  5  18.5 

41-  50                 25  0        2       0        0        3       1  6  24.0 

31-  40   „          18  0         1-      1         1         0       0  3  16.7 

21-  30                  10  0         1       0         0         0       0  1  10.0 

11-  20                   15  0         1       0        0         1       0  2  13.3 

1-  10                  13  0         1       0         0         0       0  1  7.7 

Total               217  1  36        7        10        10       3  67  30.8 


The  third  measure  of  collie  success  employed  in  this  study  is 
graduation  from  college.  The  number  and  per  cent  of  the  1928  entrants, 
arranged  according  to  high  school  scholarship  deciles,  who  liad  been 


Decile 
Rank  in 
High  School 
Scholarship 
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graduated  from  college  by  December,  1933,  are  shown  in  Table  VII. 
With  few  exceptions,  the  percentage  of  the  students  who  received  de- 
grees increased  from  the  first  to  the  tenth  decile.  The  percentages  in  the 
lowest  four  deciles  of  the  1928  group  ranged  from  7.7  to  16.7,  while  in 
tlie  upper  six  deciles  the  percentages  ranged  from  18.8  to  51.6.  Five 
years  after  the  date  of  entrance,  7,  or  12.5  per  cent,  of  the  56  students 
who  originally  composed  the  lower  four  groups  had  received  d^rees. 

Data  for  tlie  1929  entrants  are  presented  in  Table  VIII.  The  tend- 
ency for  lai^er  percentages  of  the  students  in  the  upper  scholarship 
deciles  to  graduate  is  again  evident.  A  lower  percentage  for  the  fifth 
decile  than  for  tlie  fourtli  is  about  the  only  outstanding  exception.  Four 
years  after  entering  college,  3,  or  4.4  per  cent,  of  the  68  students  com- 
posing the  lower  four  deciles  of  the  1929  group  had  received  degrees. 

TABLE  VIII 

Number  and  Per  Cent  of  the  1929  Entrants  Who  Had  Received  Degrees 
BY  December,  1933,  Classified  According  to  Percentile  Rank  in 
High  School  Scholarship,  College  of  Engineering 

AND  Architecture 


DSCILE  NVXBEK  OF  QUAXTEM  AtTXNDED  BY  ThOSE 

Rank  IK  Number  in                Who  Wekb  Gbaovatkd  fkom  College 

High  School  Originai,  —  — —   ' 

Scholarship  Group           H             12             13           Total         Per  Cent 


91-100  .    37  0  19  1  20  54.1 

81-  90    38  1  10  0  11  28.9 

71  80    39  0  7  0  7  17.9 

61-  70    27  1  3  0  4  14.8 

51-  60   19  0  1  2  3  15.8 

41-  50    28  0  1  1  2  7.1 

31-  40    19  0  2  0  2  10.5 

21-  30     23  0  0  1  1  4.3 

11-  20    18  0  0  0  0  0.0 

1-  10    8  0  0  0  0  0.0 


Total   256  2  43  5  SO  19.5 


PREDICTION  OF  SCHOLASTIC  SUCCESS  IN  THE  COLLEGE 

OF  ENGINEERING  AND  ARCHITECTURE 


For  several  years  the  Collie  of  E^neering  and  Architecture  at 

the  University  of  Minnesota  has  collected  information  regarding  the 
abilities  of  its  entrants.  Included  among  these  data  are  the  percentile 
rank  on  the  Minnesota  Collie  Aptitude  Test,  percentile  rank  in  high 
school  scholarship,  and  scores  on  six  Iowa  Placement  tests.  It  is  the 
purpose  of  this  study  to  present  material  showing  the  accuracy  of  these 
measures  in  predicting  scholastic  success  in  the  Collie  of  Engineering 
and  Architecture. 

The  nature  of  these  measures  and  the  method  of  gathering  the  data 
for  this  study  may  be  briefly  described  as  follows.  The  Collie  Apti- 
tude Test  is  an  intelligence  test  given  each  spring  to  all  seniors  in  the 
high  schools  of  Minnesota  as  a  part  of  a  testing  program  sponsored  by 
the  Minnesota  Association  of  Colleges.  This  test  is  scored  by  the  Uni- 
versity Testing  Bureau,  the  organization  which  annually  conducts  the 
testing  program  for  the  association. 

The  six  Iowa  Pku^ment  tests  from  which  data  are  available  for  this 
study  are:  (1)  Mathematics-Aptitude,  Series  MAI,  Revised,  A; 
(2)  Mathematics-Training,  Series  MTl,  Revised,  A:  (3)  Chemistry- 
Aptitude,  Series  CAl,  Revised,  A;  (4)  Chemistry-Training,  Series 
CTl.  Revised,  A;  (5)  English-Aptitude.  Series  EAl,  Revised;  and 
(6)  English-Training,  Series  ETl,  Revised,  A. 

Since  1924,  the  first  five  of  the  above  examinations  have  been  givai 
annually  during  Freshman  Week  to  all  students  entering  the  College  of 
Engineerit^  and  Arcliitecture.  The  tests  were  administered  and  scored 
by  the  feculty  members  of  the  college  in  accordance  with  instructions 
given  with  the  tests.  The  English  Training  Test  has  been  given  each 
spring  to  all  graduating  seniors  in  the  high  schools  of  the  state  in  con- 
junction with  the  College  Aptitude  Test,  and  has  been  scored  by  the 
University  Testing  Bureau. 

The  criteria  of  college  success  used  in  this  study  consisted  of  the 
first  quarter  and  first  year  honor  point  ratios. 

Two  groups  of  students  formed  the  subjects  of  this  study.  One 
consisted  of  all  the  1928  fall  entrants  to  the  freshman  class  of  the  Col- 
lege of  Engineering  and  Architecture  for  whom  a)mplete  data  were  to  be 
had.  In  this  class,  hereafter  called  the  1928  group,  162  cases  completed 
the  first  quarter  and  128  the  first  year.  These  students  were  unselected 
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save  that  they  w  ere  graduates  of  Minnesota  high  schools  and  were  enter- 
ing college  for  the  first  time.  The  otlier,  hereafter  called  the  1931  group, 
included  all  those  students  entering  the  freshman  class  of  ^e  Collie  of 
Engineering  and  Architecture  in  the  fall  of  1931  who  not  only  came  from 
Minnesota  high  schools  and  were  entering  college  for  the  first  time  but 
also  had  taken  chemistry,  advanced  a^ebra,  and  solid  geon^try  in  high 
school  There  were  138  students  in  this  group  who  completed  the  first 
qusurter  and  122  who  completed  the  first  year. 

The  method  used  in  this  study  consisted  in  calculating  zero-order 
coefficients  of  correlation  and  the  coefficients  of  multiple  correlation 
between  the  various  predictive  measures  and  the  criteria  of  college  suc- 
cess. The  predictive  value  of  each  of  the  eight  measures  was  determined 
by  the  size  of  the  zero-order  coefficient,  and  the  total  predictive  value  of 
the  eight  measures  by  the  coefficient  of  multiple  a)rrelation.  The  con- 
tribution of  each  measure  to  the  total  prediction  was  indicated  by  the 
regression  coefficients.  The  probable  error  was  used  to  show  the  accu- 
racy of  prediction  of  the  zero-order  coeffici^ts,  while  the  probable  error 
of  estimate  was  used  to  show  the  accuracy  of  predicticwi  of  the  coeffi- 
cients of  multiple  correlation. 

Raw  scores  on  the  Iowa  tests  were  used  in  calculating  the  correla- 
tions between  these  measures  and  the  criteria  for  both  the  1928  and  the 
1931  groups.  The  percentile  ranks  in  the  high  school  graduating  class 
and  in  the  Collie  Aptitude  Test  were  used  in  calculating  all  coefficients 
for  the  1928  group.  For  the  1931  group,  however,  these  percentile 
ranks  were  converted  into  standard  deviation  scores.  Tables  devised 
by  Karl  Holzinger  for  this  purpose  were  used.^ 

In  Table  I  are  shown  the  zero-order  coefficients  of  correlation  be- 
tween  college  success  and  the  eight  predictive  factors  for  the  1928  group 
of  studrats*  When  college  sua!ess  is  measured  by  the  first  quarter 
honor  point  ratio  these  coefficients  range  from  .5493  to  .3369,  and  when 
measured  by  first  year  honor  point  ratio  the  range  is  from  .4979  to 
2747-  High  school  scholarship,  the  Mathematics  Training  and  the 
Mathematics  Aptitude  tests  correlate  highest  with  either  the  first  quarter 
or  first  year  criterion.  The  correlations  with  Chemistry  Training  and 
English  Aptitude  tests  are  the  lowest.  In  all  inst^ces  the  coefficients 
for  the  first  year  honor  point  ratio  were  less  than  those  for  the  first 
quarter  honor  point  ratio.  These  decreases  are  not  surprising  when  one 
learns  tfiat  the  range  in  collie  scholarship  of  the  subjects  used  for  the 
first  year  criterion  was  much  less  than  that  of  the  subjects  used  for  the 
first  quarter  criterion.  This  decrease  in  range  of  college  scholarship 
was  caused  by  the  eliminaticMi  from  college  of  students  who  did  poorly 

1  Karl  Holzinger,  Statistical  Tables  for  Students  in  EdncaHon  and  Psychology,  pp.  72:74, 

Chicago:  University  of  Chicago  Press.  19J2. 
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in  their  courses,  and  whose  honor  pmnt  ratios  would  therefore  tend  to 

be  low.  It  is  a  well-recognized  fact  that  decreasing  the  range  of  a  vari- 
able results  in  a  decreased  correlation  coefficient.  The  amount  of  the 
elimination  is  shown  by  the  fact  that  the  162  cases  in  the  first  quarter 
group  had  been  reduced  to  128  cases  by  the  end  of  the  first  year.  A 
study  of  tlie  individual  records  showed  that  naost  of  the  students  who 
left  school  came  from  the  lower  scholastic  levels.  Furthermore,  a  com- 
parison of  the  mean  honor  point  ratio  for  the  first  quarter  with  the  mean 
honor  point  ratio  for  the  first  year  shows  an  increase  from  1.5501  to 
1.9084. 

TABLE  I 

Coefficients  of  Correlation,  Pearson  r,  between  First  Quarter  Colt-ege 
Honor  Point  Ratio  and  First  Year  Honor  Point  Ratio  and  Eight 
Selected  Predictive  Measures  Used  in  Predicting  the  Ratios 
FOR  THE  1928  Group  of  Students,  Coli-ege  of  Engineering 

AND  ARCHrrECTURE 

Coefficients  of  Correlation  with 
College  Honor  Point  Ratios 

Prsdictivx  Mka&tju   First  Quarter    First  Year  

r         P.E.  No.  cases         r         P.E.  No.  cases 


High  school  scholarship 

.5493 

.0378 

162 

.4814 

.0474 

128 

English  Aptitude   

.3369 

.0472 

162 

.3015 

.0560 

128 

English  Training               — .... 

.4906 

.0400 

162 

.4708 

.0474 

128 

Mathematics  Aptitu^  

.5399 

.0378 

162 

.4978 

.0462 

128 

Mathematics  Training   

«5484 

.0378 

162 

.4979 

.0462 

128 

Chemistry  Aptitude   

.4973 

.0400 

162 

.4753 

.0474 

128 

Chemistry  Training   

.3838 

.0456 

162 

.2747 

.0567 

128 

College  Aptitude  ..  .«   

.4648 

.0420 

162 

.4010 

.0517 

128 

In  Table  II  are  shown  the  zero-order  coefficients  of  correlation  be- 
tween coU^e  success  and  the  eight  predictive  measures  for  the  1931 
group  of  students.  When  college  success  is  measured  by  first  quarter 
honor  point  ratio  these  coefficients  range  from  .6951  to  .5012,  and  when 
measured  by  first  year  honor  point  ratio  the  range  is  from  .6901  to  .3662. 
It  will  be  observed  that  the  highest  coefficients  for  the  first  quarter  were 
obtained  when  correlated  with  high  school  scholarship,  Matlieniatics 
Aptitude,  Mathematics  Training,  and  Chemistry  Aptitude  tests.  In 
predicting  first  year  honor  point  ratio,  the  high  school  scholarship, 
Mathematics  Training  and  Mathematics  Aptitude  tests  produced  the 
highest  correlations.  For  both  the  first  quarter  and  the  first  year  groups 
the  English  Aptitude  and  College  Aptitude  tests  gave  the  lowest  cor- 
relations. All  except  one  of  the  coefficients  decreased  when  first  year 
honor  point  ratio  was  considered,  the  one  excq>tion  being  high  school 
scholarship  which  showed  a  slight  increase. 
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TABLE  II 

Coefficients  of  Correlation,  Pearson  r,  between  First  Quarter  Coli^ge 

Honor  Point  Ratio  and  First  Year  Honor  Point  Ratio  and  Eight 
Selected  Predictive  Measures  Used  in  Predicting  the  Ratios 
FOR  THE  1931  Group  of  Students,  College  of  Engineering 

AND  Architecture   

Coefficients  of  CouuaATioM  with 


COLLEGS  HONOK  POINT  RATIOS 

Pkbbictive  Measure 

First  Quarter 

First  Year 

r 

P.E. 

No.  cases 

r 

P.E. 

No.  cases 

High  school  scholarship   

.0528 

.0322 

138 

.6901 

.0314 

122 

English  Aptitude    

.5025 

.0428 

138 

.4039 

.0517 

122 

English  Training    

.5592 

.0391 

138 

.4945 

.0462 

122 

Mathematics  Aptitude   ~  

.6203 

.0351 

138 

.5230 

.0449 

122 

Mathematics  Training  

.6951 

.0291 

138 

.6541 

.0348 

122 

Chemistry  Aptitude    ■  

.6322 

.0337 

138 

.4755 

.0474 

122 

.5548 

.0391 

138 

.4611 

.0485 

122 

College  Aptitude   

.5012 

.0428 

138 

.3662 

.0536 

122 

A  comparison  of  the  data  for  the  1928  group  with  that  for  tlie  1931 
group  shows  liigher  coefficients  for  the  latter  in  every  instance  but  one. 
When  one  considers  the  fact  that  the  1928  group  was  unselectecl  and 
that  it  included  students. with  varying  degrees  of  high  school  training  in 
two  of  the  fields  of  learning — chemistry  and  advanced  mathematics — ■ 
while  the  1931  group  was  hmited  to  students  who  had  high  school 
courses  in  these  fields,  these  results  are  partly  accounted  for.  Refining 
the  scores  for  ranks  in  high  school  scholarship  may  have  assisted  in 
increasing  the  size  of  the  coefficients  obtained.  The  relative  positions  of 
the  various  predictive  factors  were  approximately  the  same  in  all  four 
calculations.  Altho  the  order  did  not  remain  constant,  high  school 
scholarship.  Mathematics  Aptitude  and  Mathematics  Training  tests 
tended  to  produce  the  highest  correlations  with  the  criteria,  the  only 
exception  being  in  the  1931  first  quarter  group,  where  the  Chemistry 
Aptitude  Test  slightly  exceeded  the  coefficients  obtained  for  the  Mathe- 
matics Training  Test. 

The  coefficients  of  multiple  correlation  between  the  eight  predictive 
factors  and  the  two  criteria  of  college  success  for  the  1928  and  1931 
groups  of  students  were  then  calculated.  The  coefficient  of  multiple 
correlation  is  tliat  coefficient  which  gives  the  maximum  prediction  when 
the  several  measures  are  combined  in  such  a  way  that  each  contributes 
its  maximum  amount  to  the  total.  Between  the  criterion  and  the  eight 
measures  for  the  1928  first  quarter  group  this  coefficient  was  .7053. 
This  is  an  increase  of  approximately  fifteen  points  over  the  highest 
zero-order  coefficient  for  this  group.  The  accuracy  of  the  prediction  is 
indicated  by  the  probable  error  of  estimate  which  indicates  the  Umits 
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within  which  half  of  the  errors  will  fall.  The  probable  error  of  estimate 

for  the  obtained  coefficient  of  multiple  correlation  was  .4087.  This 
m^tns  that  half  of  the  estimated  scores  will  not  vary  from  the  true  scores 
by  more  than  409  points.  It  will  be  remembered  that  tlie  range  in 
honor  points  was  from  0  to  4. 

The  coefficient  of  multiple  correlation  between  the  eight  measures 
and  the  first  year  honor  point  ratio,  1928  group,  was  .6780,  with  a  prob- 
able error  of  estimate  of  .3364.  This  coefficient  is  slightly  smaller  than 
that  obtained  from  the  first  quarter  1928  group.  In  most  instances  a 
decreased  coefficient  of  multiple  correlation  is  axxxxngaxded  by  an  in- 
creased probable  error  of  estimate  in  view  of  the  nature  of  the  probable 
error  of  estimate.^  One  need  not  look  far  for  the  cause  of  the  variation. 
The  primary  reason  is  the  decrease  in  the  size  of  the  standard  deviati<m 
of  the  distribution  of  the  first  year  honor  point  ratio.  The  chief  cause 
for  this  again  is  the  decrease  in  the  range  of  scholarship,  tliose  students 
in  the  lower  levels  tending  to  be  eliminated. 

The  coefficient  of  multiple  correlation  for  the  1931  group  between 
the  eight  predictive  factors  and  first  quarter  honor  point  ratio  was  .8269, 
P.E.e8t.  .3030,  and  between  these  measures  and  first  year  honor  point 
ratio  was  .8003,  P.E.est.  -3021.  Both  of  these  coefficients  of  multiple 
correlation  show  an  increase  over  tlie  two  obtained  for  the  1928  group. 
Since  the  coefficient  of  multiple  correlation  is  based  upon  the  zero-order 
coefficients,  the  fact  that  the  zero-order  coefficients  for  the  1931  group 
were  larger  than  those  for  the  1928  group  accounts  for  this  result  As 
was  previously  noted,  selecting  students  in  the  1931  group  upon  the 
basis  of  high  school  courses  in  chemistry  and  advanced  mathematic,  and 
refining  the  measures  of  liigh  school  scholarship  w^ere  considered  tlie 
major  reasons  for  the  larger  1931  group  zero-order  coefficients. 

The  relative  significance  or  weight  which  should  be  assigned  to 
each  of  the  eight  variables  in  the  prediction  of  the  criterion  of  college 
success  by  means  of  the  coefficient  of  multiple  correlation  is  indicated 
by  the  regression  coefficient.  In  Table  III  are  presented  the  regression 
coefficients  calculated  for  the  two  1928  and  the  two  1931  coefficients  of 
multiple  correlation  which  have  already  been  discussed.  It  is  at  once 
manifest  from  an  examination  of  this  table  that  high  school  scholarship 
contributes  most  in  the  calculation  of  the  coefficients.  In  every  instance 
it  ranks  first.  This  is  accounted  for  statistically  by  the  fact  that  the 
zero-order  coefficients  between  high  school  scholarship  and  the  criteria 
of  collie  success  were  imiformly  high,  and  at  the  same  time  the  inter- 
correlations  between  high  school  scholarship  and  the  other  variables 
were  low.   Tliis  means,  kowever,  that  high  school  scholarship  as  meas- 

*The  formula  for  computiiig  the  probable  error  of  estimate  is: 

P.E.e.t.  =  .6745  S.D.  V  1  -  1* 
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ured  by  teachers'  marks  is  a  better  instrument  to  predict  college  success 
for  these  groups  of  students  than  an}  of  the  other  measures  used.  The 
Mathematics  Training  Test  ranks  next  in  order  as  the  most  consistent 
predictive  measure  for  any  of  these  groups  of  students.  The  weights 
of  the  measures  show  considerable  variation  in  the  four  sets  of  calcula- 
tions, except  the  College  Aptitude  Test,  which  appears  consistently  to 
be  of  Kttk  weight  in  all  four  instances.  This  does  not  mean  that  intelli- 
gence has  little  weight  in  determining  college  success,  but  rather  that 
whatever  was  measured  by  this  test  was  included  in  the  other  measures 
used. 

TABLE  III 

Regression  Coefficients  Obtained  in  Computing  the  Coefficients  of 

Multiple  Correlation  between  Eight  Selected  Factors  and  First 
Quarter  and  First  Year  Honor  Point  Ratios  for  the  1928  and 
1931  Groups  of  Students,  College  of  Engineering 

AND  Architecture 

Regression  Coefficibhts 


Phebictivs  Measvxxs  1928  Group  1931  Group 


First 

first 

Ttnt 

First 

quarter  R 

year  R 

quarter  R 

year  R 

High  school  scholarship   

.3504 

.3305 

^  .3830 

.4935 

Mathematics  Aptitude   

..„  .2531 

.2792 

.0778 

.0504 

Mathematics  Trauut^   

 1680 

.1467 

.2792 

.3674 

English  Aptitude   

 0085 

-.0178 

.2745 

.1047 

English  Training   

 1448 

.2264 

-.0176 

.1417 

Chemistry  Aptitude   

....  .0099 

.1364 

.0962 

-.1459 

Chemistry  Training   

-.0364 

-.2317 

.0528 

.0702 

College  Aptitude   

 0245 

-.0347 

-.0545 

-.1151 

A  comparison  of  the  regression  coefficients  calculated  for  the  1928 
group  with  those  for  the  1931  group,  with  two  exceptions,  shows  no 
great  relative  chaises.  The  coefficients  for  the  English  Aptitude  Test 
increased  in  1931  over  1928,  while  at  the  same  time  those  for  the  Mathe- 
matics Aptitude  Test  decreased.  The  other  differences  between  the  re- 
gression coefficients  computed  for  the  1928  and  those  for  the  1931  group 
appear  no  greater  than  do  the  differences  between  first  quarter  and  first 
year  predictions. 

The  purpose  of  this  study  was  to  find  tlie  combination  of  measures 
which  would  most  accurately  predict  scholastic  success  in  the  freshman 
year  of  the  College  of  Engineering  and  Architecture.  From  an  admin- 
istrative standpoint,  however,  it  is  not  economical  to  use  as  many  meas- 
ures as  are  combined  in  the  multiple  correlations  reported  heretofore  if  a 
smaller  number  will  result  in  a  prediction  whieh  is  equally  valid.  Con- 
sequently an  effort  was  made  to  discover  those  comlnnations  of  measures 
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which  would  appear  to  be  most  feasible  for  practical  use.  In  view  of 
the  fact  that  the  correlations  for  the  1931  group  were  consistently  higher 
than  those  for  the  1928  group,  this  aspect  of  this  study  was  confined  to 
the  data  from  the  1931  group. 

Since  the  rank  in  high  scliool  scholarsliip  tended  to  correlate  fairly 
high  with  the  criterion  and  relatively  low  with  the  various  other  meas- 
ures, this  item  was  combined  with  each  of  the  tests  (Table  IV).  The 
combination  of  high  school  scholarship  and  the  Mathematics  Training 
Test  was  found  to  have  the  highest  predictive  vahie,  the  coefficient  with 
the  first  quarter  honor  point  ratio  being  .7726  and  with  the  first  year 
.7755.  The  stability  of  this  combination  is  rather  noteworthy,  the  cor- 
relation with  the  first  year  honor  point  ratio  actually  increasing  slightly. 
The  combination  of  high  school  scholarship  and  the  English  Aptitude 
Test  ranked  second  in  order;  that  for  high  scliool  scholarship  and  the 
College  Aptitude  Test  ranked  the  lowest. 

TABLE  IV 

Multiple  Coefficients  of  Correlation  between  Freshman  First  Quarter 
AND  First  Year  Honor  Point  Ratios  and  the  Combination  of  High 
School  Scholarship  with  Each  Other  Measure,  Students 
Entering  Fall  Quarter,  1931,  College  of  Engineering 

AND  ArCHITECTURB  

First  Quarter  First  Year 

ViXUMM                                        Honor  Poi.nt  Honor  Point 

Ratio  Ratio 

High  school  scholarship  and  Englbh  Aptitude  —  7644  .7295 

High  school  scholarship  and  English  Training   7232  .7375 

High  school  scholarship  and  Mathematics  Aptitude  ...      .7468  .7223 

High  school  scholarship  and  Mathematics  Training  ...       .7726  .7755 

High  school  scholarship  and  Chemistry  Aptitude   7394  .7050 

High  school  scholarship  and  Chemistry  Training  . —      .7305  .7254 

High  sdiool  scholarship  and  College  Aptitude   7016  .7002 

Since  high  school  scholarship  and  the  Mathematics  Training  Test 
appeared  to  be  the  best  of  these  combinations  for  predicting  scholastic 
success  in  the  College  of  Engineering  and  Architecture,  the  next  step 
was  to  combine  these  two  variables  with  each  of  the  other  subject  tests. 
The  G)llege  Aptitude  Test  was  omitted  from  these  correlations  because 
in  all  previous  calculations  it  has  stood  uniformly  lowest  of  the  variables 
in  its  contribution. 

The  summary  of  the  results  of  these  cak:ulations  (Table  V)  showed 
that  high  school  scholarship,  the  Mathematics  Training  Test,  and  the 
English  Aptitude  Test  combined  produced  the  highest  coefficients,  .8173 
with  the  first  quarter  honor  point  ratio  and  .7886  with  the  first  year 
honor  point  ratio.  These  two  coefficients  were  nearly  as  high  as  thiose 
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found  for  all  the  eight  measures  combined,  the  increase  from  the  addition 
of  the  five  other  measures  being  only  .019  for  the  first  quarter  and  .011 
tor  the  first  year.  The  analysis  of  the  data  seems  to  show  that  rank 
in  scholarship  in  the  high  school  graduating  class  and  scores  on  the 
Mathematics  Training  Test  and  the  English  Aptitude  Test  will  result 
in  almost  as  valid  a  prediction  as  can  be  obtained  from  all  eight  variables 
combined. 

TABLE  V 

Multiple  Coefficients  of  Correlation  between  First  Quarter  and  First 
Year  Honor  Point  Ratios  and  Various  CoMBrNATiONS  of  High 
School  Scholarship,  Mathematics  Training  Test,  and 
Other  Measures,  Students  Entering  Fall 
Quarter,  1931,  College  of  Engineering 
AND  Architecture 

First  Quarter       First  Yiab 
Variables  HoMQit  PoiHT       HoNO«  Point 

Ratio  Ratio 


High    school    scholarship,    Mathematics  Training, 

Mathematics  Aptitude   7904  .7773 

High    sdiool    scholarship,    Mathematics  Training, 

Chemistry  Aptitude   ~   7900  .7769 

High    school    scholarship,    Mathematics  Training, 

Chemistry  Training   7872  .7776 

High    school    scholarship,    Mathematics  Training, 

English  Aptitude  8173  .7886 

High    school    scholarship.    Mathematics  Training, 

English  Training   —  7919  -7874 

As  compared  with  the  coefficients  obtained  in  many  other  studies 
of  prediction  of  college  success,  these  coefficients  are  rather  large.  It 
should  not  be  assumed  too  hastily,  however,  that  these  coefficients  justify 
the  use  ol  these  measures  for  the  selection  of  individual  students  for 
admission  to  college.  There  are  many  factors  other  than  those  measured 
which  contribute  to  college  success.  Some  students  who  stand  very  high 
on  these  tests  may  fail  in  college  work  and  others  who  stand  low  may 
succeed.  These  coefficients  do  indicate,  however,  that  closer  predictions 
can  be  made  for  the  performance  of  the  group,  and  that  the  chances  of 
individual  success  can  be  approximated  more  closely. 


EFFECT  OF  DEFICIENCY  IN  CERTAIN  SECONDARY 
MATHEMATICS  UPON  SUCCESS  IN  TilE 
COLLEGE  OF  ENGINEERING 
AND  ARCHITECTURE 

One  of  the  recommendations  made  in  connection  with  the  Investiga- 
tion of  Engineering  Education  was  that  admissions  with  conditions  be 
abolished  as  rapidly  as  possible.^  In  1932  the  College  of  Engineering 
and  Architecture,  University  of  Minnesota,  changed  its  entrance  require- 
ments to  conform  to  tliis  reconmiendation.  Altho  higher  algebra,  one- 
half  unit,  and  solid  geometry,  one-half  unit,  had  long  been  required  for 
entrance  by  this  college,  in  practice  students  had  been  permitted  to  enter 
with  conditions  in  these  two  subjects.  To  accommodate  these  condi- 
tioned students,  courses  in  the  two  subcoUege  subjects  were  offered. 
Beginning  with  the  school  year  1932-33,  the  college  discontinued  these 
courses  and  adopted  the  practice  of  admitting  only  those  students  who 
could  meet  all  entrance  requirements  including  the  courses  in  higher 
algebra  and  solid  geometry. 

The  recommendation  referred  to  above  was  based  in  a  large  measure 
upon  the  results  of  a  series  of  investigations  which  showed  that  60  per 
cent  of  the  freshmen  entering  the  College  of  Engineering  and  Archi- 
tecture without  conditions  began  the  sophomore  year,  as  compared  with 
38.5  per  cent  of  those  entering  with  conditions.  The  weakness  of  these 
studies  is  that  there  is  nothing  to  show  that  these  groups  were  equiva- 
lent in  all  respects,  save  that  one  group  had  taken  certain  mathematics 
in  high  school  and  the  other  had  not.  If  one  is  to  conclude  that  tlie  fail- 
ure to  study  certain  mathematics  in  high  school  was  largely  responsible 
for  elimination  from  college  these  groups  must  be  equivalent  in  respect 
to  all  other  factors.  It  is  altogether  possible  tliat  failure  in  college  may 
be  due  to  other  causes. 

It  is  well  to  note  here  one  of  the  conclusions  of  an  investigation 
conducted  by  Edgerton  and  Toops.^  In  this  study  made  at  Ohio  Uni- 
versity it  was  found  that  conditioned  students  did  poorer  coU^  work 
than  did  the  nonconditioned  students.  The  authors  attribute  the  inferior 
scholastic  work  of  the  conditioned  students  largely  to  the  lower  d^ree 
of  intelligence  of  this  group.  They  conclude  "that  the  possession  or 
nonpossession  of  conditions  in  college    .    .    .    is  of  little  significance 

iH.  H.  Jordan  and  others,  "Report  on  Admissions  and  EUminations  of  Kigineering 
dents."    Proceedings  of  the  Society  for  the  PromotUm  of  Engimeenng  Bdmeatton  (lows  CStjr 
meeting.  1926),  34:146.  1926. 

"Harold  A.  Edgerton  and  Herbert  A.  Toopt.  Academic  Progress.    Ctdmnbus:  Ohio  State 
University  Press.  1929. 
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as  compared  with  the  possession  or  nonpossession  of  high  degrees  of 
intelligence,"  Whether  this  conclusion  can  be  applied  specifically  to 
students  conditioned  in  solid  geometry  or  higher  algebra  has  not  been 
investigated  previously. 

It  is  the  purpose  of  this  investigation  to  study  the  effect  of  deficiency 
in  higher  algebra  and  solid  geometry  upon  success  in  the  College  of 
Engineering  and  Architecture.  In  this  connection  there  are  three  im- 
portant questions  which  we  shall  attempt  to  answer.  They  are :  ( 1 )  how 
do  the  conditioned  and  nonconditioned  students  compare  in  ability  to  do 
college  work?  (2)  how  do  these  groups  compare  in  success  in  college? 
and  (3)  when  the  conditioned  students  are  matched  with  nonconditioned 
students  of  equal  ability,  how  do  these  groups  compare  in  success  in 
college  ? 

Ability  to  do  college  work  was  measured  by  four  criteria :  percentile 
rank  in  average  scholarship  in  high  school  graduatii^  class,  percentile 
rank  on  the  College  Aptitude  Test,  and  scores  on  the  Mathematics  Apti- 
tude and  Mathematics  Trainii^  tests. 

The  criteria  of  success  in  college  consisted  of  the  honor  point  ratios 
for  the  first  quarter  and  first  year,  and  graduation  from  college. 

All  students  entering  the  College  of  Engineering  and  Architecture 
during  the  four-year  period  1928-29  to  1931-32,  who  came  from  Minne- 
sota high  schools,  who  were  entering  college  for  the  first  time,  and  for 
whom  complete  data  were  to  be  had  were  included  in  this  study.  Alto- 
gether there  were  951  students  of  whom  262  entered  with  conditions  and 
689  without  conditions.^ 

Differences  between  Conditioned  and  Nonconditioned 
Students  on  Measures  of  Initial  Status 

On  the  basis  of  the  four  criteria  of  initial  ability  the  nonconditioned 

was  superior  to  the  conditioned  group.  As  shown  in  Table  I,  the  mean 
scores  of  the  former  were  larger  than  those  of  the  latter  on  all  four 
criteria.    Furthermore,  the  differences  between  the  means  of  the  two 

groups  were  statistically  significant  in  every  instance.* 

'  A  large  number  of  the  students  who  pursued  higher  algebra  in  college  had  previously 
taken  this  subiect  in  high  school.     Students  in  the  college  cl^asses  /""^^^^^^'f^^^^^ 
given  a  test  after  two  weeks  of  review  of  higher  algebra      Those  students  making  a  poor 
showing  on  the  examination  were  recommendetf  to  repeat  advanced  algeb-a  'r^.^^'].^//-  ^^^^^^^ 

Students  taking  the  two  subcollege  subjects  m  college  can  be  classified  into  five  groups, 
namely:  H)  those  enrolled  in  both  higher  algebra  and  solid  geometry  who  ^^re  deficient  m 
hoA  subjects:  (2)  those  enrolled  in  higher  al^rebra  and  solid  geometry  wh 9  were  deficient  only 
1^  soHd  geometry:  (3)  those  enrolled  in  solid  geometrv  who  were  deficient  m  this  sibiect 
(4)  those  in  higher  algebra  who  were  deficient  in  this  subject;  and  (S)  those  in  higher  algebra 
Uio  were  not  deficie  n^^  In  addition  to  these  five  grouns.  there  was.the  groun  of  noncondi^ 
ti^Sed  ^dents  who  had  taken  higher  alfebra  and  solid  geometry  in  high  school  and  did 
n™  repeat  them  in  colle^re.  Those  who  are  interested  in  a  detailed  analyM  Itudv  "A 
status  and  success  in  college  of  these  six  groups  are  referred  to  Ae  2"g"^Khhv  I  A'rary 
Study  of  the  Entrance  Requirements  to  the  College  of  Engmeenng,"  by  A.  S.  Northby,  Library. 
University  of  Minnesota. 

*  The  common  practice  is  to  require  the  difference  between  two  means  to  equ^  to 
three  times  the  stand^d  error  of  the  diflference  between  the  vaeann  to  be  statiaticaUy  significant, 
i.e.,  not  due  to  chance  errors  of  measurefflent. 
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TABLE  I 

Ratios  of  the  Difference  between  Means  to  the  Standard  Error  of  the 
Difference  and  Related  Data,  College  AprrruDE  Test,  Percentiu; 
Rank  in  High  School  Graduating  Class,  MATHEBtAfics 

Apiitude  Test,  and  Mathematics  Training  Test, 
Combined  Conditioned  and  Nonconditioned 

Groups 


Measure 

N 

Mean 

S.D. 

S.E. 

Ratio  D/S.E.^ 

College  Aptitude  Test: 

1.728 

Conditioned  — .  

262 

42.45 

27.97 

3.04 

Nonconditioned   

689 

4873 

29.55 

1.125 

High  school  scholarship : 

Conditioned   

262 

54.51 

26.04 

1.609 

5.012 

Nonconditioned   — 

689 

63.94 

25.60 

0.975 

Mathematics  Aptitude 

Test : 

262 

27.15 

9.53 

0.588 

9.208 

Nonconditioned   

689 

33.65 

10.29 

0J92 

Mathematics  Training 

Test: 

Conditioned   

262 

27.89 

10.13 

0.626 

16.36 

Nonconditioned   

689 

40.03 

10.50 

0.399 

The  two  groups  were  more  aKke  on  the  two  measures  of  general 

ability,  the  College  Aptitude  Test  and  percentile  rank  in  high  school 
scholarship,  than  on  the  two  measures  of  matlieuiatical  ability,  the 
Mathematics  Aptitude  and  Mathematics  Training  tests.  Since  the  non- 
conditioned  students  liad  taken  one-half  to  one  or  more  years  of  high 
school  mathematics  more  than  the  conditioned  students,  greater  dilfer- 
ences  on  the  matliematics  tests  than  the  other  two  criteria  are  to  be 
expected. 

One  should  not  assume  that  since  the  averages  of  the  nonconditioned 
group  were  greater  in  every  instance  the  individuals  composing  this 
group  were  unifornily  superior  to  those  of  the  other.  A  brief  compari- 
son of  the  standard  deviations  with  reference  to  the  related  means  sug- 
gests that  the  distributions  overlapped  considerably,  that  many  of  the 
conditioned  students  were  superior  to  many  of  the  nonconditioned.  To 
determine  more  definitely  the  extent  of  the  overlapping  the  per  cent  of 
each  group  falling  below  and  exceeding  the  median  of  the  other  group  on 
the  four  measures  was  calculated.  The  results  are  presented  in  Table  II. 
On  the  College  Aptitude  Test,  41.7  per  cent  and  on  the  percentile  rank 
in  high  school  scholarship,  34.4  per  cent  of  the  conditioned  students 
exceeded  the  median  of  tlie  nonconditioned.  The  overlapping  on  the 
two  mathematics  tests  was  less.  On  the  Mathematics  Aptitude  Test, 
24.1  per  cent  and  on  the  Mathematics  Training  Test,  13.4  per  cent  of 
the  conditioned  exceeded  tlie  median  of  the  nonconditioned. 
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TABLE  II 

Per  Cent  of  the  Nonconditioned  Group  Exceeding  and  Falling  Below 
THE  Median  of  the  Conditioned  Group,  and  the  Per  Cent  of  the 
Conditioned  Group  Exceeding  and  Falling  Below  the 
Median  op  the  Nonconditioned  Group,  Four  Criteria 

OF  Initial  Status 


Criterion 

yiEDiAN  Of  Conditioned 

Median  of  Nonconditioned 

Percent 
Below 

Per  Cent 
Exceeding 

Per  Cent 
Below 

Per  Cent 
Exceeding 

College  Aptitude  Test: 

50.0 

50.0 

58.3 

41.7 

Nonconditioned 

41.8 

58.2 

50.0 

50.0 

Percentile  rank  in  high 

school 

scholarship : 

Conditioned   

50.0 

50.0 

65.6 

34.4 

Nonconditioned   

34.9 

65.1 

50.0 

50.0 

Mathematics  Aptitude 

Test: 

50.0 

50.0 

75.9 

24.1 

Nonconditioned   

27.4 

72.6 

50.0 

50.0 

Mathematics  Training 

Test : 

50.U 

50.0 

86.6 

13.4 

lO.cS 

89.2 

50.0 

50.0 

As  measured  by  the  three  criteria  of  college  success,  i.e.,  lirst  quarter 
and  first  year  honor  point  ratios  and  graduation  from  college,  tlie  non- 
condiiioned  group  did  better  college  work  than  the  conditioned.  Such  a 
result  is  to  be  expected  in  view  of  the  superior  ability  of  the  former 
group.  The  mean  first  quarter  honor  point  ratios  for  the  conditioned 
and  nonconditioned  groups  were  116.14  and  151.97,  respectively  (Table 
III).  The  two  groups  differed  less  on  the  first  year  honor  point  ratios. 
The  mean  ratio  of  the  conditioned  students  was  143.83  as  compared 
with  166.38  for  the  nonconditioned.  One  need  not  look  far  for  the 
cause  of  the  decrease  in  the  difference  between  the  first  quarter  and  first 
year  honor  point  ratios.  A  study  of  the  individual  records  showed  that 
most  of  the  cases  dropping  out  were  those  doing  inferior  college  work, 
and  that  the  percentage  of  these  failure  .students  Avas  larger  for  the  con- 
ditioned than  for  the  nonconditioned  group.  Approximately  70  per 
cent  of  the  179  students  ^^ho  did  not  complete  three  quarters  of  work 
received  first  quarter  honor  point  ratios  in  the  0  to  100  range,  equiva- 
lent to  a  letter  mark  of  D  or  less;  and  34  per  cent  of  tiie  conditioned 
students  did  not  complete  three  quarters  of  college  attendance  as  com- 
pared with  15  per  cent  of  the  nonconditioned.  The  difference  l^etween 
the  first  year  honor  point  ratios  as  well  as  that  between  first  quarter 
honor  point  ratios  was  statistically  significant. 

The  overlapping  of  the  two  groups  on  both  of  the  honor  point  ratios 
was  as  great  as  that  found  with  the  criteria  of  initial  ability.  With 
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reference  to  the  first  quarter  honor  point  ratios  26.7  per  cent  of  the 
nonconditioned  fell  below  the  median  of  the  conditioned.  The  over- 
lapping was  greater  on  the  first  year  honor  point  ratios  (Table  IV). 
Here  37.2  per  cent  of  the  nonconditicmed  fell  betow  the  median  of  the 
conditioned. 

TABLE  III 

Mean  First  Quarter  and  First  Year  Honor  Point  Ratios  of  the  Con- 
ditioned AND  Nonconditioned  Groups,  Together  with  the 
Ratio  of  the  Difference  Between  Means  to  the 
Standard  Error  of  the  Difference 


AND 

Related 

Data 

Honor  Point  Ratio 

N 

Mrak 

"  S.D. 

S.E. 

Ratio  D/S.E.jj 

First  quarter  honor  poinf 

ratio: 

Conditioned  

Nonconditioned   

262 
689 

116.14 
151.97 

80.64 
76.39 

4.9S2 
2.910 

6209 

First    year    honor  point 

ratio : 

Conditioned   . — 

Nonconditioned   

173 

599 

143.83 
166.38 

57.85 
67.03 

4.398 
2.738 

4.3S3 

On  the  third  measure  of  college  success,  i.e.,  graduation  from  col- 
lege, the  nonconditioned  students  were  again  superior.  Data  were 
available  regarding  only  the  first  two  of  the  four  classes  included  in  this 
study— those  entering  in  1928  and  in  1929.  By  December,  1933,  over 
five  years  after  entrance  to  college,  11,  or  16.1  per  cent,  of  the  condi- 
tioned students  in  the  1928  entering  classes  compared  with  56,  or  37.6 
per  cent,  of  the  nonconditioned  students  in  the  same  entering  class  had 
received  degrees.  The  difference  between  the  two  groups  is  even  greater 
in  the  1929  entering  class.  In  this  instance,  by  December,  1933,  or 
slightiy  more  than  four  years  after  entering  college,  47,  or  26.5  per  cent, 
of  the  nonconditioned  students  had  received  degrees  as  compared  with  3, 
or  3.8  per  cent,  of  the  conditioned  students. 

In  the  preceding  sections  it  was  observed  that  the  students  entering 
without  ccmditions  did  coU^e  work  superior  to  that  done  by  those  enter- 
ing with  conditions.  The  former  group  was  also  superior  in  ability  as 
measured  by  tiie  College  Aptitude  Test,  percentile  rank  in  high  school 
scholarship,  and  the  Mathematics  Aptitude  and  Mathematics  Training 
tests.  In  order  to  determine  to  what  extent  the  college  success  of  the 
students  entering  with  conditions  differs  from  that  of  students  of  the 
same  ability  but  entering  without  conditions,  three  series  of  paired  studies 
were  made.  Students  who  were  conditioned  in  higher  algebra  or  in 
solid  geometry  or  in  both  of  tiiese  subjects  were  paired  with  students 
who  entered  without  conditions  and  who  took  neitiier  of  the  two  sub- 
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coU^e  subjects  in  college.  The  first  quarter  and  first  year  honor  point 
ratios  of  the  resuhing  groups  were  then  compared.  The  cases  were 
matched  on  both  percentile  score  on  the  College  Aptitude  Test  and 
percentile  rank  in  high  school  scholarship.  An  unsuccessful  attempt 
was  made  to  match  the  groups  on  a  third  criterion,  the  Mathematics 
Aptitude  Test.  It  should  be  noted  here  that  the  mability  to  match  the 
pairs  on  scores  on  this  test  may  mean  that  they  were  not  equated,  since 
there  is,  of  course,  the  possibility  that  the  differences  between  the  groups 
were  due  largely  to  differences  in  mathematics  aptitude  as  might  be  meas- 
ured by  the  Mathematics  Aptitude  Test.  For  convenience,  the  students 
with  conditions  will  be  designated  as  the  experimental  group  and  the 
students  without  conditions  as  the  control  group. 

« 

TABLE  IV 

Per  Cent  of  the  Nonconditioneu  Students  Exceeding  and  Falung 
Below  the  Median  of  the  Conditioned  Students,  and  the  Pek 
Cent  of  the  Conditioned  Students  Exceeding  and 
Falling  Below  the  Median  of  Nonconditioned 
Students,  Fikst  Quarter,  and  First  Year 

Honor  Point  Ratios   


]M[edian  Conditioned  Median  Nonconditioned 

Group  G»otTP 


Ratio 

Per  Cent 

Per  Cent 

Per  Cent 

Per  Cent 

Below 

Exceeding 

Below 

Exceeding 

First    quarter    honor  point 

ratio : 

50.0 

50.0 

67.2 

32.8 

26.7 

73.3 

50.0 

50.0 

First  year  honor  point  ratio : 

50.0 

50.0 

64.9 

35.1 

37.2 

62.8 

50.0 

50.0 

It  was  found  possible  to  match  149  of  the  162  students  who  entered 
with  conditions  in  both  higher  algebra  and  solid  geometry,  with  students 
who  entered  without  conditions,  using  both  the  College  Aptitude  Test 
and  high  school  scholarship  as  bases  for  pairing. 

Since  it  was  impossible  to  match  all  experimental  subjects  with  con- 
trol subjects  having  identical  scores  on  the  two  criteria,  they  were 
matched  as  closely  as  possible.  SUght  differences  occurred  between  the 
matched  pairs,  but  none  of  these  differences  exceeded  6  points  on  the 
College  Aptitude  Test  or  7  points  on  high  school  scholarship.  The 
average  of  the  differences  between  the  149  matched  pairs  was  only  1 .43 
points  on  the  College  Aptitude  Test  and  but  2.03  points  on  high  school 
scholarship.  The  means  and  standard  deviations  of  the  two  groups  on 
both  criteria  were  nearly  the  same  (Table  V). 
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TABLE  V 

Data  Relating  to  First  Quarter  Honor  Point  Ratios  of  Paired  Groups, 

Experimental  Group  Entered  with  Conditions  in  Higher 
Algebra  and  Solid  Geometry,  and  Control  Group 
Entered  without  Conditions,  149  Pairs 


COZXEGE 

Peeoentile  Rank 

Fikst  Quaetbk 

Aptitude 

IN  High  Scho(ml 

Hoil(A  POXKT 

Test 

ScaOLAESBIP 

Ratio 

Mean  S.D. 

Mean  S.D. 

Mean  S.D. 

Experimental  — 

40.36  28.06 

57.11  24.56 

114.12  83.90 

Control  — ~ — — 

40J25  28.21 

57.36  24.35 

137.10  72.74 

D. 

S-E-c  _E. 

(First  quarter  honor  point  ratio)  7.52 

-  =  3.055 

The  mean  first  quarter  honor  point  ratio  for  the  control  group, 
composed  of  those  entering  without  conditions,  was  137.10  as  compared 
with  114.12  for  the  experimental  group  composed  of  those  entering  with 
conditions  in  botli  advanced  algebra  and  soUd  geometry.  Altho  the 
difference  was  not  as  great  as  previously  observed  with  the  unselected 
groups  (Table  I),  it  is  still  large  enough  to  be  statistically  significant.'' 

In  studying  the  first  year  honor  point  ratios  of  the  experimental  and 
control  groups  we  matched  90  pairs  on  both  the  CoU^  Aptitude  Test 
and  on  the  percentile  rank  in  high  school  scholarship .« 

The  matching  was  again  close,  the  mean  of  the  differences  between 
matched  pairs  was  1.32  points  on  the  College  Aptitude  Test  and  1.99 
points  on  the  percentile  rank  in  high  school  scholarship.  The  means  and 
standard  deviations  of  the  two  distributions  were  practically  identical 
(Table  VI). 

The  mean  honor  point  ratio  for  the  first  year  of  the  control  group 
again  exceeded  that  of  the  experimental  group— 161.57  as  compared 
with  143.98.  The  difference  between  the  two  means  was  not  statistically 
significant,  altho  it  approached  it.  the  critical  ratio  being  2.37. 

In  summarizing  the  results  found,  we  find  tliat  altho  the  groups 
were  matched  in  order  to  eliminate  differences  in  general  ability,  the 
control  group,  composed  of  students  entering  witliout  conditions,  did 
superior  college  work  to  the  experimental  group  composed  of  students 
who  entered  with  conditions  in  both  advanced  algebra  and  solid  geome- 
try. If  the  groups  were  equated  in  all  respects  the  college  success  of 
the  two  would,  of  course,  have  been  the  same.   Evidently  some  factor 

sin  all  instances  where  the  means  of  matched  groups  were  compared  "Student's,  Method" 
was  us;d  to  measure  the  significance  of  the  difference  betw^  ««^^  U^'^^" 
"Student's  Method  for  Measuring  the  Significance  of  a  Difference  between  Matcbed  Oroups. 
JomrMi  of  Educational  Psychology,  23:445-50.    September.  193.. 

«Of  the  162  students  who  originally  composed  the  experimentol  group,  98  were  in 
attendance  three  or  more  quarters,  the  other  64  having  dropped  oot 
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which  was  not  fuUy  measured  by  the  College  Aptitude  Test  or  the  per- 
centile rank  in  high  school  scholarship  was  operative  in  determining 
coUege  success.  Since  the  difference  between  the  two  groups  was  pri- 
marily that  one  group  (the  control)  had  pursued  more  mathematics  in 
high  school  than  did  the  other  (the  experimental)  it  appears  reasonable 
to  assume  tliat  the  students  in  the  former  group  had  a  special  liking  or 
capacity  for  mathematics,  and  that  this  factor  influenced  their  success  in 
college.  Furthermore,  success  in  the  College  of  Engineering  and  Arclu- 
tecture.  especially  any  measure  of  success  based  on  the  first  year's 
work,  is  closely  related  to  success  in  mathematics. 

TABLE  VI 

Data  Relating  to  First  Year  Honor  Point  Ratios  of  Paired  Groups, 

Experimental  Group  Entered  with  Conditions  in  Higher 

Algebra  and  Solid  Geometry,  and  Control  Group 

Entered  without  Conditions,  90  Pairs  


College 

Pbmcentiu  Rank 

First 

Year 

AlPTITTOE 

IN  High  I 

School 

Honor 

Point 

Test 

Scholarship 

Katio 

Mean  S.D. 

Mean 

S.D. 

Mean 

S.D. 

Experimental  — 

45^6  29.65 

62.89 

23.84 

143.98 

60.28 

Gmtrol   

45^  29.78 

63.07 

23.83 

161.57 

6461 

D. 

,  (First  year  honor 

point  ratio) 

S.E.u. 

-=2.37 

The  second  series  of  paired  studies  to  be  considered  included  as  the 
experimental  group  the  students  who  entered  ^vith  conditions  in  ad- 
vanced algebra.  Each  of  the  26  cases  included  in  this  group  was  paired 
with  an  individual  who  entered  without  conditions  and  who  took  neither 
advanced  algebra  nor  solid  geometry  in  college.  The  matching  was 
made  on  both  the  Collie  Aptitude  Test  and  percentile  rank  m  high 
school  scholarship.  The  mean  of  the  differences  between  the  matched 
pairs  was  1.50  points  on  the  College  Aptitude  Test  and  2.54  points  on 
the  high  school  scholarship.  The  means  and  standard  deviations  of  the 
two  groups  on  these  two  measures  were  almost  identical  (Table  VII). 

The  mean  first  quarter  honor  point  ratio  for  the  control  group  was 
148.78  as  compared  with  126.31  for  the  experimental  group.  The  dif- 
ference between  these  two  means  was  not  statistically  significant,  how- 
ever, as  the  critical  ratio  was  but  1.78  (Table  VIT). 

Of  the  26  students  inchided  in  the  study  of  the  first  quarter  honor 
point  ratios,  21  were  in  attendance  three  or  more  quarters.  The  drop- 
ping out  of  the  5  cases  did  not  appear  to  affect  the  means  or  standard 
deviations  on  the  Collie  Aptitude  Test  or  percentile  rank  in  high  school 
scholarship  of  the  two  groups  (Table  VIII).    A  comparison  of  the 
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means  of  the  first  quarter  groups  vdth  those  of  the  first  year  groups 
shows  UtUe  change.  The  means  on  tlie  College  Aptitude  Test  decreased 
slightly  while  the  means  on  the  percentile  rank  in  liigh  sdiool  scholar- 
ship increased  slightly. 

TABLE  VII 

Data  Relating  to  Fi«st  Quarter  Honor  Point  Ratios  of  Paired  Groups, 
Experimental  Group  Entered  wrrH  Conditions  in  Higher  Algebra, 
AND  Control  Group  Entered  without  Conditions,  26  Pairs 


Cmxege  Percentile  Rank  First  Quarter 

Aptitude  in  High  School  Honor  Point 

Gaoup  Test  Scholarship  ^^'^ 

Mean        sio!  Mean        S.D.  Mean  S.D. 

Experimental™-...   43.15      28:04  56:04      21:97  126:31  Tlli 

Control    43.04      27.88  56.15      21.96  148.78  /1.6S 

D. 

S.E.c.^.  (First  quarter  honor  point  ratio)  12.58     ^    ^    =  1'8 


The  mean  first  year  honor  point  ratio  of  the  control  group  was  again 

higher  than  that  of  the  experimental  group— 156.62  as  compared  \vith 
145.57  (Table  VIII).  The  critical  ratio,  .67,  indicates  that  the  difiference 
between  these  two  means  cannot  be  considered  statistically  significant 

TABLE  VIII 

Data  Relating  to  First  Year  Honor  Point  Ratios  of  Paired  Groups, 
Experimental  GROtrp  Entered  with  Conditions  in  Higher  Algebra, 
Control  Group  Eijtered  without  Conditions,  21  Pairs  


College  Percentile  Ran  k  Fomt  Year 

Aptitude  in  High  School  Honor  Point 

Q^ovp  Test  Scholarship  Ratio 

Mean        S^.  Mean        S.D.  Mean  S.D. 

ExperimenUl    42.19      28:28  57J8      2166  145l7  SIM 

Control    42.19      27.84  57.19      22.49  156.62  70.72 

D. 


S.E.c._B.  (First  year  honor  pomt  ratio)  16.42  =  -67 


In  both  of  the  comparisons  just  made  the  control  group  composed 
of  students  who  entered  without  conditions  did  superior  work  to  that  of 
the  experimental  group  composed  of  students  who  entered  with  con- 
ditions in  advanced  algebra.  Neither  of  the  two  differences  between 
means  was  statistically  significant  The  lack  of  liigh  reliabiUty  can  be 
attributed  in  part  to  the  small  numbers  included. 

The  third  set  of  comparisons  was  concerned  with  the  students  condi- 
tioned in  solid  geometry.  It  was  found  possible  to  match  33  of  the  34 
cases  in  this  group  with  individuals  who  entered  without  conditions. 
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on  the  two  criteria,  College  Aptitude  Test  and  percentile  rank  in  high 
school  scholarship.  The  closeness  with  which  the  experimental  and 
control  groups  were  equated  is  shown  by  the  similarity  of  their  means 
and  standard  deviations  which  are  assembled  in  Table  IX.  The  mean 
of  the  differences  heUxeen  33  pairs  on  the  College  Aptitude  Test  was 
1.39  points,  and  on  tlie  percentile  rank  in  high  school  scholarship  2.06 
points. 

TABLE  IX 

Data  Relating  to  First  Quarter  Honor  Point  Ratios  of  Paired  Groups, 
Experimental  Group  Entered  with  Conditions  in  Solid  Geometry, 
AND  Control  Group  Entered  without  Conditions,  33  Pairs 


College 

Percentile  Rank 

First  Quahtee 

Aptitude 

XN  High  School 

HONOA  POIMT 

Group 

Test 

Scholarship 

Ratio 

Mean  S.D. 

Mean  S.D. 

Mean  S.D. 

Experimental   

47.09  25.23 

55.94  25.72 

134.42  44.36 

Control   

47.03  25.64 

5627  25.64 

134.36  44.34 

D. 

S.E.c._E.  (First  quarter  honor  point  ratio)  17.976  —^-^—-  =  .0034 


A  comparison  of  the  mean  first  quarter  honor  point  ratio  of  the 
experimental  with  that  of  the  control  group  reveals  practically  no  differ- 
ence between  the  two— 134.42  for  the  former  and  134.36  for  the  latter 

(Table  IX).  •  r  i 

In  the  comparison  of  mean  first  year  honor  point  ratios  26  of  the 

cases  used  in  the  preceding  analysis  were  included.   The  dropping  out 

of  the  seven  cases  did  not  change  the  means  or  standard  deviations  on 

the  two  criteria  used  for  matching  (Table  X).    A  comparison  of  the 

two  mean  first  vear  honor  point  ratios  reveals  a  slight  superiority  in 

the  control  group  over  the  experimental,  the  mean  ratio  for  the  former 

being  149  12  and  for  the  latter  144.31.    This  slight  difference  is  bv  no 

means  statistically  significant,  as  indicated  by  the  critical  ratio  of  .456. 

TABLE  X 

Data  Relating  to  First  Year  Honor  Point  Ratios  of  the  Paired  Groups, 
Experimental  Group  Entered  with  Conditions  in  Solid  Geometry, 
AND  Control  Group  Entered  without  Conditions.  26  Pairs 

—              -                   College  Percentile  Rank  Vnsr  Yka« 

Aptitude  is  High  School  HowomPoiKT 
Gboof                    Test  Scholamhit 

Mean        S^-  Mean        S.D.  Mean  S.D. 

Experimental  .......  47.19      25.98  60.69      24:^5  144J1  53:67" 

Control    47.62      26J0  60.96      24.45  149.12  67.72 

S.Rc.-E.  (F'^st  year  honor  point  ratio)  10.529  ~  = 
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It  is  clearly  evident  from  these  results  that,  as  far  as  these  students 
are  representative  of  the  entire  group,  there  is  little,  if  any.  difference 
between  the  college  success  of  those  entering  with  a  condition  in  soUd 
geometry  and  those  entering  without.  These  data  are  in  contrast  to 
those  obtained  with  the  group  entering  with  conditions  in  both  advanced 
algebra  and  solid  geometry  and  in  advanced  algebra  only.  In  the  com- 
parisons made  with  the  latter  two  groups  it  was  showh  that  those  enter- 
ing with  conditions  did  inferior  work  to  that  done  by  those  entering 
without  conditions.  It  should  be  remembered  that  in  only  one  instance, 
however,  was  the  critical  ratio  large  enough  to  indicate  high  reliabiUty. 
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